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Abstract 
A series of La0.84-1.5xPrSr0.16+1.5xCu1-xMnxO4 (x=0, 0.05, 0.10, 0.15, 0.20, 0.25, and 0.5) and LaPr0.88+1.5yCe0.12-1.5yCu1-yMnyO4 (y=0, 
0.04, 0.08, 0.10, 0.15, 0.20, and 0.3) were synthesized by solid-state reaction and studied by X-ray diffraction, electric transport 
property, and magnetic measurements. The structural distortion, superconductivity, and magnetism of the samples caused by Mn 
doping were examined and analyzed. An unusual behavior of superconductivity suppression by Mn doping as well as the 
coexistence of ferromagnetism and superconductivity is observed.     
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1. Introduction 
Since the discovery of high-Tc superconductor it is realized that superconductors may be derived from doping holes 
[1] or electrons [2-4] into some kind of Mott insulators. High-Tc superconductivity has been observed in both hole-
doped La2CuO4 [1] and electron-doped RE2CuO4 (Nd, Pr, Sm,Eu) systems [2,3]. Therefore, much attention has been 
focused on the differences in the two systems in order to clarify whether the mechanism of high-Tc superconductivity 
can be understood in a unified physical picture [5-9]. In the study on the superconductivity of Nd1.85Ce0.15Cu1-xMnxO4 
(0 x  0.30) system [10] it was found that the Mn doping effect at Cu site in the electron-doped Nd1.85Ce0.15CuO4 
(NCCO) is quite different from the effect in its hole-doped analog system La1.85Sr0.15CuO4 (LSCO). For example, Mn 
doping on LSCO does not fit the Abtikosov and Gork’ov theory which predicts that the superconductivity transition 
temperature (Tc) should decrease in the presence of magnetic impurity [11]. Mn doping at Cu site in LSCO mainly 
induces a spin-compensated state on some length scale and decreases the Meissner volume, resulting in a percolative 
superconductivity [12, 13]. However, Mn doping at Cu site in NCCO causes an orthorhombic-to-tetragonal structure 
transition, and significantly suppresses the superconductivity for both Tc and Meissner volume [10]. The effective 
magnetic moment per lattice cell increases with increasing Mn content, resulting in an antiferromagnetic correlation at 
high doping levels and a complete destroy of superconductivity. 
It is not clear so far what is the origin of the observed difference for Mn doping effect in both systems. One 
possibility may be attributed to that the two system are derived from a different parent compound since LSCO is from 
La2CuO4 but NCCO from Nd2CuO4. In order to clarify this discrepancy, we need to restudy the Mn doping effect in a 
system which can be doped by both holes and electrons thus to ensure a same parent compound. For this purposes, in 
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this paper, we study the Mn doping effect at Cu site in LaPrCuO4 system which can be hole-doped with Sr or electron-
doped with Ce. It is observed that the Tc suppression rate by Mn doping at Cu site in the Sr-doped LaPrCuO4  system 
significantly smaller than that in the Ce-doped LaPrCuO4, indicating that Mn doping at Cu site in electron-doped 
system has a more drastic suppression effect on superconductivity. 
2. Experimental 
Polycrystalline samples of La0.84-1.5xPrSr0.16+1.5xCu1-xMnxO4 with x=0, 0.05, 0.10, 0.15, 0.20, 0.25, and 0.5 (denoted 
as Mn-doped LPSCO) and LaPr0.88+1.5xCe0.12-1.5xCu1-xMnxO4 with x=0, 0.04, 0.08, 0.10, 0.15, 0.20, and 0.3 (denoted as 
Mn-doped LPCCO) were prepared by means of a conventional solid-state reaction technique. Here extra Sr (or Ce) 
doping at La (or Pr) site is to compensate the changes of the carrier concentration caused by Mn doping. The raw 
materials of Pr6O11, La2O3, CeO2, SrCO3, CuO, and MnO2 with 99.99% purity were mixed and well ground. The 
mixed powders were heated in a box furnace at 1100 °C for totally 40 h with two intermittent grindings. The powders 
were then pressed into pellets and sintered at same temperature for 10 h. The post annealing was done at 450 °C in 
flowing O2 for 20 h with a furnace cooling for the Mn-doped LPSCO samples but at 1100 °C in Ar atmosphere for 20 
h with a room temperature quenching for the Mn-doped LPCCO samples. 
X-ray diffraction (XRD) analysis was carried out by a X’pert MRD diffractometer with Cu Ka radiation. The 
temperature dependence of dc magnetization and resistivity-temperature relationship were measured with a Physical 
Properties Measurement System (PPMS, Quantum Design) in a temperature range of 2–300 K.   
3. Results and discussion  
Fig.1 shows the typical XRD patterns and Mn doping level dependence of lattice parameters for Mn-doped LPSCO 
and Mn-doped LPCCO samples. The samples  show high purity single phase at low doping level at x d0.2 for Mn-
doped LPSCO system and at xd0.15 for Mn-doped LPCCO system, as revealed by the XRD analysis, however, 
impurity phase are detected when the doping level is getting higher. Comparing with the Mn-doped LPSCO samples 
prepared at a temperature around 900 °C [14] the samples prepared at 1100 °C in this study have a higher phase purity 
and a wider solid solubility range, which is consistent with the report of Zhang et al [15] and further confirms that 
higher preparation temperature is good for avoiding the impurity phase formation and improving the quality of Mn-
doped LPSCO samples.  As revealed by the x-ray diffraction data the Mn-doped LPSCO system shows a typical T-
214 structure with the lattice parameters of a=0.3758 nm and c=1.3081 nm at x=0. With increasing Mn content to 
x=0.20, the parameter a increases to 0.3778 nm but c decreases to 1.2883 nm. For Mn-doped LPCCO system the x-ray 
diffraction data reveals a T’-214 structure with the lattice parameters of a=0.3968 nm and c=1.2158 nm at x=0.; the 
parameter a increases to 0.3980 nm but c keeps almost no changes (only slightly increases to 1.2162 nm) at x=0.15. 
This means that the parent compound, (La,Pr)2CuO4, changes the crystal structure from T to T’ with Ce doping. 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. (a) Typical XRD patterns for Mn-doped LPSCO system. (b) Doping level dependence of lattice parameters for Mn-doped LPSCO. (c) 
Doping level dependence of lattice parameters for Mn-doped LPCCO. 
 
For the Mn-doped LPSCO system, the lattice parameter c shows a more pronounced change with an average 
d(c/c0)/dx=-7.55%/Mn at., contrasted to the value of d(a/a0)/dx=2.65%/Mn at. in the ab-plane, where a0 and c0 are the 
values of a and c at x=0, respectively. This means the interplane coupling may be strengthened by Mn doping. For the 
Mn-doped LPCCO system the value of d(c/c0)/dx is close to zero, indicating that Mn doping has a very limited effect 
on the interplane coupling of the system although the expansion of the ab-plane is almost the same as in the Mn-doped 
LPSCO system. Detailed comparisons of some physical properties of these two systems are presented in Table 1.  
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Table 1  Comparison between some physical parameters for Mn-doped LPSCO and Mn-doped LPCCO systems. 
System 
Mn Solid Solubility 
Limit at Cu site (%) 
d(a/a0)/x 
(%/Mn at) 
d (c/c0)/dx 
(% /Mn at) 
d(Tc/Tc0)/dx 
(% /Mn at) 
d('M/'M0)/dx 
(% /Mn at)  
Mn-doped LPSCO 20% 2.65 -7.55 -45.8 -922 
Mn-doped LPCCO 15% 2.06 0.25 -640 -890 
 
Figs.2(a) and 2(b) show the temperature dependence of magnetization for these two systems measured in a field of 
100 Oe under a zero-field-cooling process. For Mn-doped LPSCO system, the superconducting onset transition 
temperature, Tc, is almost fixed at 32K without significant changes with increasing Mn content. However, the 
diamagnetic magnetization, 'M, which reflects the superconducting volume fraction, decreases drastically with 
increasing Mn content. This is very similar to the situation observed in the Mn-doped LSCO system where Mn doping 
suppresses significantly the superconducting volume fraction but not its Tc [12, 13]. For Mn-doped LPCCO system, 
the superconducting onset transition temperature decrease steadily with increasing Mn content, from 23K at x=0 to 8.6 
K at x=0.1. At the same time, the diamagnetic magnetization also decreases drastically with increasing Mn content. 
Similar phenomenon was observed in the Mn-doped NCCO system where Mn doping suppresses both 
superconducting volume fraction and Tc [10].   
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. (a) and (b) Temperature dependence of magnetization for LPSCO and LPCCO, respectively. (c) and (d) Mn concentration dependence of 
Tc/Tc0 for LPSCO and LPCCO systems, respectively, where Tc0 is the value of Tc at x=0. (b) Mn concentration dependence of 'M/'M0, for Mn-
doped LPSCO and Mn-doped LPCCO systems here 'M0 is the value of 'M at x=0. 
 
Figs. 2(c) and 2(d) depict the different Mn doping effects on Tc and 'M for these two system. Our results further 
confirm that Mn doping effects on the superconducting properties in the hole-doped system are different from those in 
the electron-doped one. The affect on Tc by doping Mn in the electron doped system is more drastic than in the hole-
doped one. This unusual behavior of superconductivity suppression in Mn-doped LPCCO reveals that the electron-
doped superconducting cuprate is different from the hole-doped one due to their different response to the magnetic 
dopant. The double exchange interaction in Mn3+-O-Mn4+ bond tends to form a ferromagnetic ordering between Mn 
ions which destroys superconductivity in the CuO2 planes. The onset superconducting transition of LPSCO is almost 
not affected by Mn doping may be attributed to an enhanced interplane coupling (since the unit cell in c-direction is 
significantly reduced by Mn doping, see Fig. 1b) which may benefit to set up a 3D percolation path for 
superconducting electrons. This can be a possible mechanism for the percolative superconductivity in Mn-doped 
LSCO and Mn-doped LPSCO. However, for LPCCO superconductor, Mn doping does not reduce the unit cell in c-
direction, thus it is hard to establish a 3D percolation path for superconducting electrons. This causes a drastic 
decrease of both Tc and superconducting volume fraction in Mn-doped LPCCO system.      
Since ferromagnetic ordering may be formed in clusters containing Mn3+-O-Mn4+ bonds it is quite possible that 
superconductivity may coexist with ferromagnetism in Mn-doped LPSCO percolative superconductivity system. Fig. 3 
shows the temperature dependence of magnetization and resistivity for the sample with x=0.15, which reveals that the 
sample exhibits a superconducting transition at 29.6K. However, a ferromagnetic transition occurs at higher 
temperature, around 230K. Hysteresis loops measured at 300K and 150K confirm that this is a ferromagnetic 
transition (see inset of Fig.3). It should be pointed out that this sample has a high phase purity (see Fig.1a) and no La-
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Sr-Mn-O (LSMO) phases were detected, thus the origin of the coexistence of ferromagnetism and superconductivity 
should be different from those observed in the LSCO/LSMO composites [16]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Temperature dependence of resistivity and magnetization for Mn-doped LPSCO sample with x=0.15. Inset is the magnetization hysteresis 
loops at 150 K and 300K. 
4. Conclusion 
In summary, the doping effects of Mn on the crystal structure and superconductivity have been studied by 
synthesizing Mn-doped LPSCO and Mn-doped LPCCO compounds. Different from the doping behavior in LSCO and 
LPSCO, Mn dopants suppresses the superconductivity transition and volume fraction of LPCCO simultaneously. Our 
results reveal that an enhanced interplane coupling may take responsibility for the percolative superconductivity in 
Mn-doped LPSCO. The superconductivity is found to coexist with ferromagnetism in Mn-doped LPSCO with x=0.15. 
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